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ABSTRACT

Rock and soil geochemical and hydrogeochemical studies were conducted on Fort
McClellan and Pelham Range, AL. The rock and soil studies indicate that sulfide
mineralization and metals emplacement occurs throughout a large portion of the study
area. The various constituents found in the natural waters show the metals in the rocks
and soils are reaching the aqueous environment.

The mineralization is believed to originate from a series of “black smokers” that arose
along a zone of structural weakness like the Jacksonville Fault. The observed
mineralization and alteration fits well with this type of orogenic process.

The geochemical findings and geological observations will impact future land use
management decisions and environmental concerns. The biggest challenge will be
separating the anthropogenic contribution of metals such as Pb from the natural sources.
For example, Pb concentrations related to sulfide mineralizations reach 500 ppm in soil
samples. The natural environment is all too often ignored as a source of metals.

INTRODUCTION

A rock and soil geochemical study of Fort McClellan, AL was conducted after visiting
areas showing extensive hydrothermal alteration and finding large gossan nodules.
The gossan boulders indicated the weathering of pyrite and probably other sulfide
minerals. The extensive iron rich veining and alteration indicated significant hydrothermal
activity had impacted the original mineral composition of the host rocks throughout the
area. Both of these mineralizing events are often genetically related to the emplacement of
base and precious metals. Geochemical characterization of the mineralization on Fort
McClellan and Pelham Range will impact the environmental issues related to base clean up
and possible base closure.

An initial study was conducted from March to June of 1993. Rocks and soils from
61 sites were collected. This phase focused on characterizing the geochemical signature
of the natural environment and identifying any areas of heavy metals enrichment or
mineralization. The goal of the study was to use the geochemical data to examine the
effects of possible heavy metal migrations into the soils or groundwaters in the secondary
environment and the possible environmental impacts.

During the course of the initial study it became evident that extensive hydrothermal
alterations cross cut all rock types. The alteration ranged from small iron rich veinlets in
the sandstones of the Chilhowee Group on the eastern side of Fort McClellan to meter-
thick veins near Truitt Hill. Large areas in the southwestern part of Fort McClellan showed
extensive alteration with cross cutting iron rich veins of varying thickness.

In the Trench Hill area, excavations exposed pyritic boulders up to a meter in diameter.
These boulders have weathering rinds up to 15 cm thick. The soil in this area is deep red
and contains marble to fist-sized gossan pebbles.

The mineralized areas identified during this study indicate the geology of the area is
more complex than previously recognized (Osborne and Szabo, 1983). There are many
complex environmental concerns as well. To further our understanding of the
environmental impact the mineralization may have in the area, samples from fourteen
springs and creeks were collected on July 30-31, 1994. Rock and soil samples from an
additional six sites were also collected on Pelham Range.



GENERAL GEOLOGY

The geology of the study area was examined as part of a larger study of the
Jacksonville Fault Zone. The geologic section descriptions are summarized from
Jay (1982) and Osborne and Szabo (1983). Figure 1 is a geologic map of
Fort McClellan.

Chilhowee Group, undifferentiated

older than 560 million years old, Lower Cambrian

The Chilhowee Group is course to fine-grained clastic sandstones with
conglomeratic lenses. The rocks are predominantly fine grained vitreous quartzite
and friable orthoquartzitic sandstones. There are interbedded intervals of arenaceous and
micaceous shales and mudstones. This rock group makes up the bulk of the highlands
throughout Fort McClellan.

Shady Dolomite

approximately 560 million years old, Lower Cambrian

Rocks of the Chilhowee Group are overlain by some 500 feet of poorly exposed
carbonate rocks assigned to the Shady Dolomite. These rocks are generally light-gray,
argillaceous to sandy, laminated dolomite and dolomitic limestone. These rocks crop out
in the northern portion of Fort McClellan. The best exposures are northeast of Reservoir

Ridge.

Rome Formation

approximately 540 million years old, Lower Cambrian

Overlying the Shady Dolomite is approximately 1000 feet of predominantly clastic
rocks assigned to the Rome Formation. The formation is characterized by grayish red
purple and pale-olive interbedded mudstone, siltstone, and sandstone. The significant
facies difference occurs in the presence of interbedded layers of sandstone or dolomite.
This formation occurs in a small band about 300 m wide just north of Galloway Gate
along the western boundary of Fort McClellan. The hills west of post in this area are
mapped as Rome Formation.
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Conasauga Formation

approximately 510 million years old, Middle Cambrian

The Rome Formation is overlain by the Conasauga Formation. This formation is
primarily very thin-bedded, pale-olive mudstone, and shale with local interbeds of
limestone. The limestone is generally dark gray, thin bedded, micritic, argillaceous, and
locally oolitic. This formation occurs in a small band about 300 m wide just to the
east of the Canasuaga Formation and abuts Trench Hill on the south end of its exposure.
The Rome and the Conasuaga Formations are difficult to identify in outcrop.

Knox Group, undifferentiated

between 510 and 470 million years old, Upper Cambrian

The Conasauga Formation is overlain by the Knox Group. This formation is a thick
sequence of light to medium gray siliceous dolomite. This formation occurs along a fairly
wide band north of Trench Hill. The best exposures occur in the walls of the old rifle range
and borrow pit near site 7 and 8.

Newala and Little Oak Limestones, undifferentiated

approximately 470 million years old, Middle to Upper Ordovician

The Newala and Little Oak Limestones overlie the Knox Group. These rocks are
Ordovician carbonates. The Newala Limestone is sometimes included with the Knox
Group at other localities. The best exposures of these rocks are just to the south of the
bridge that crosses the south branch of Cane Creek (just east of the traffic circle) in and
along the banks of the creek.

Athens Shale
Middle to Upper Ordovician

The Athens Shale overlies the undifferentiated Newala and Little Oak Limestones.
These rocks are a thick sequence of dark gray to black shale and shaly mudstone.
There is some confusion as to the actual structural relationship and age of the unit.
The Athens Shale and the Newala and Little Oak Limestones interlace throughout the
central portion of Fort McClellan. These formations generally form the lower elevations
of the post. Some of the best exposures of the Athens Shale occur along the stream
banks, e.g. sites 48, 33, and 37.

Quaternary Alluvium

The stream beds all contain Quaternary alluvial gravels and sands associated
with recent erosion. The rocks are generally rounded Chilhowee Group rocks.
These deposits are not mapped.



SAMPLE COLLECTION
a. Rocks and Soils

The rock and soil samples were collected throughout Fort McClellan (figure 1) and
Pelham Range (figure 2). Samples were collected on an approximate 1 km grid on much
of Fort McClellan except within the impact zones. The sampling on Pelham Range
predominately follows the northern access road. Most of the sites are near roads for
greater accuracy in site location and outcrop exposure. At an outcrop, approximately 400 g
of fresh rock was collected. At several sites, the outcrop was a highly altered hard clay.
Samples of any interesting veins or altered rocks at or near a site were also collected.

The soil samples were generally collected between 15-30 cm depth. A hole 20 cm in
diameter was dug until a B horizon was encountered or upon reaching a depth of 30 cm.
After reaching the desired depth, the soil from a vertical zone of about 10 cm was loosened
from around the hole and the soil was hand mixed. A composite sample of about 400 g
was placed in a paper bag and allowed to air dry. The sites with intense alteration or
weathering did not always show the characteristic B horizon iron enrichment due to the
dark red color of the soil. At these sites, the sample was collected from about 25 cm to 30
cm depth. Duplicate rock samples were collected at six sites. Duplicate soil samples were
collected at four sites. These duplicate samples were collected between 2 and 4 m from
the original sample.

b. Water Samples.

At fourteen sites water samples were collected from springs and small creeks on
Fort McClellan and Pelham Range (figures 1 and 2 respectively). The water samples are
denoted by a “W" after the site number. At each collection site, two water samples were
collected. The first sample is 500 ml of untreated water collected in a clean polyethelene
bottle. The second sample was filtered through a 0.45 um membrane filter into a 60 ml
polyethylene bottle. The sample bottle was rinsed with a 10 percent nitric acid solution
before coming to the field. This water sample was then acidified with reagent grade
concentrated nitric acid to a pH less than 1. Each bottle was rinsed with the sample water
at the site. One duplicate site sample was collected.

SAMPLE PREPARATION
a. Rocks.

The rock samples were crushed and the small fragments split to save a representative
sample that fit in a 3 oz cardboard container. This sample was pulverized using ceramic
plates. The resulting powder was placed in the cardboard container for analysis.

b. Soils.

The soils were disaggregated, sieved, and the minus-80-mesh fraction was saved in a
3 oz cardboard container for analysis.

c. Waters.

The water samples required no preparation.
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ANALYTICAL PROCEDURES
a. Rock and soils.

The rock and soil samples were analyzed by the six-step D.C.-arc semiquantitative
emission spectrographic method (Grimes and Maranzino, 1968) for 35 elements. All of the
analytical values are reported as six steps per order of magnitude (1, 1.5, 2, 3, 5, 7 or
multiples of 10). These values approximate the geometric midpoints of successive
concentration ranges (Grimes and Maranzino, 1968).

This analytical method compares a series of elemental standards against the elemental
concentrations in the sample. The elemental concentration in the sample is visually
compared with the standards. The largest source of error is interpolating a sample
concentration that lies between two standards. The six-step D.C.-arc emission
spectrographic method provides reproducibility within one geometric interval of the reported
value approximately 86 percent of the time and within two geometric intervals of the
reported value approximately 96 percent of the time (Motooka and Grimes, 1976).

If a sample contains elemental concentrations above the highest standard used, the
elemental concentration is represented by a “G” in front of the upper standard. If a sample
contains elemental concentrations below the lowest standard, the concentrations can have
two code designations. If the sample concentration is slightly below the lowest standard,
the elemental concentration is represented by an “L” in front of the lowest standard. If the
sample concentration is not detected, an “N” is used. The gold analysis was done using
the flameless atomic absorption method described in the USGS standard methods manual
(O'Leary and Meier, 1986).

Table 1 lists the analytical results for the rock samples. Table 2 lists the analytical
results for the soil samples. Duplicate samples have a “D” after the sample number.

The duplicate sample analyses are within the precision of this analytical method.
The variations for some elements in sample 37R probably reflects the mineralized nature of
the rock and not heterogeneity in the sample or the analytical method.

b. Waters.

Water temperature and pH were measured at the sample site. The following
constituents were analyzed from the untreated sample: sulfate, fluoride, chloride, nitrate,
alkalinity, and specific conductance. Alkalinity measures the total acid-neutralizable
constituents in water and is generally due to the presence of carbonate and bicarbonate
ions. Table 3 gives the specific methods used for each analysis.

The concentrations of calcium, magnesium, sodium, potassium, silica, and iron
were measured from the filtered and acidified sample using flame atomic absorption
spectrophotomety. The concentrations of all other metal ions were measured using the
Inductively Coupled Plasma-Atomic Emission Spectrometer (ICP-AES). Table 4 lists the
concentrations of the species determined for this study.

The results of charge balance calculations are listed in Table 4. For the three samples
with detectable HCOB, the charge balance is under 5%, indicating the analyses are very
good. A value of 7 ppm for HCO3 was used for the other samples. The charge balance for
all but three samples is still under the acceptable range of 10%. Adjusting the HCO3 value
a few ppm for the three samples brings their charge balance under 10% also.
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Table 3. Analytical methods used for water analysis, Fort McClellan study area,
Fort McClellan, AL

Constituent Method Reference

Alkalinity Gran's plot potentiometric titration Orion Research Inc (1975)
Sulfate lon chromatography Smee and Hall (1978)
Chloride lon chromatography . Smee and Hall (1978)
Fluoride lon chromatography Smee and Hall (1978)
Calcium Flame atomic absorption spectrophotometry Perkin-Elmer Corp. (1976)

Magnesium Flame atomic absorption spectrophotometry Perkin-Elmer Corp. (1976)
Sodium Flame atomic absorption spectrophotometry Perkin-Elmer Corp. (1976)
Potassium  Flame atomic absorption spectrophotometry Perkin-Elmer Corp. (1976)
Aluminum Flame atomic absorption spectrophotometry Perkin-Elmer Corp. (1976)

Iron Flame atomic absorption spectrophotometry Perkin-Elmer Corp. (1976)
Silica Flame atomic absorptidn spectrophotometry Perkin-Elmer Corp. (1976)
Specific Conductivity bridge Brown and others (1970)
Conductance

All other ICP-AES Environmental Protection
cations Agency, SW 846 methods 620
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GEOCHEMICAL RESULTS

a. Rocks.

The concentrations of thirty five elements were determined from the rocks collected for
this study. The elements As, Bi, Cd, Ge, Sb, Sn, Sr, Th, and W were not detected in any
sample or in only a few of the samples (see Table 1).

The elements chosen for data interpretation fall into three broad groups. The first
group contains the base metals Cu, Pb, Mo, and Zn. These metals are found in small
concentrations in many rock forming minerals. ' Elevated concentrations of these metals
in a rock generally indicate mineralization processes are superimposed on the original
rock signature. The presence of these metals in the rocks will virtually exclude any
anthropogenic input.

The second elemental grouping consists of the precious metals Au and Ag.

The presence of these metals strongly indicates that hydrothermal events superimposed a
geochemical imprint on the original rock compositions within the study area. The presence
of these metals in the rocks virtually excludes any anthropogenic activities and points to
mineralizing events as the source of the metals.

The third elemental grouping contains elements often found in low concentrations
within a variety of rock forming minerals but are also strong indicators of mineralization
processes when found in high concentrations or with certain minerals. For example,

Ba will substitute into feldspars but Ba in barite generally indicates the presence of
hydrothermal activity and alteration. The elements Ni and V will substitute into mafic
minerals and into iron oxide minerals such as magnetite. These elements aiso concentrate
in hydrothermal solutions and precipitate with iron oxides within t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>